Introduction
Oculocutaneous albinism (OCA) is an autosomal recessive disorder defined by little to no melanin production in the eyes, skin, and hair, and is extremely rare, affecting 0.005% of the world's population [1] . There are four main types of OCA (OCA1-OCA4), which primarily differ by the amount of melanin produced and so can be phenotypically distinguished by the amount of pigmentation in the eyes, skin, and hair of an individual (ranging from white/extremely pale to red). As a result of this decreased pigmentation, those with OCA can be subject to severe sunburns if not careful, and have a much higher susceptibility to skin cancer. Visual defects such as nystagmus and strabismus are often seen in those with OCA as well due to pigmentation deficits in the eyes [1] .
Schizophrenia is a mental illness affecting approximately 1% of the world's population, and is characterized by behavior such as disorganized thinking and speech, delusions, hallucinations, and unusual body movements [2] . Previously, while searching for a cause for schizophrenia, Greiner and Nicholson (1965) noted that those with schizophrenia had increased levels of melanogenesis, and thus proposed the following hypothesis: in schizophrenic patients, the synthesis of melatonin from serotonin is defective and as a result, there is production of a hallucinogenic agent and an increase in melanin production. It was thought that the absence of 5-hydroxy-o-methyl transferase, which is necessary to form melatonin, could be the reason for such a defect in melatonin metabolism [3] . If true, this hypothesis would imply that those with decreased or no melanin production, such as albinos, should be protected from schizophrenia. Several researchers have searched for schizophrenic albinos in response to this hypothesis, and although extremely rare, a few cases of such co-existence have been reported [4] [5] [6] . These case reports not only refute the hypothesis that the amount of melanin is related to schizophrenia, as albinos can be schizophrenic, but some of these authors have even proposed that schizophrenia and albinism could actually be genetically linked. Such is the speculation in case reports by Barron (1976) and Clarke and Buckley (1989) , who each separately found instances of multiple individuals with schizophrenia within families [7, 8] . Whether OCA and schizophrenia are genetically linked is still undetermined, likely due to the rarity of both conditions occurring simultaneously and the paucity of literature regarding this topic-the last identified case report of a patient with both albinism and schizophrenia published on PubMed is from 1989 [4, 8] . We hereby present a case of schizophrenia in a young albino male and will further the discussion exploring the fate of the original Greiner and Nicholson hypothesis and how modern techniques could point to a possible linkage of albinism and a certain subtype of schizophrenia.
Case Presentation
We report the case of a 25-year-old African-American male with OCA2, who was admitted in response to a phone call his mother made to emergency services after making threats to kill himself. The patient was admitted with symptoms of auditory hallucinations, paranoid delusions of people stalking him and stealing his thoughts, self-neglect, depression, and suicidal thoughts, which, according to his mother had increased when he became medication noncompliant. He had been hospitalized and discharged one month prior at a different facility, when he had shot himself in the forehead with a BB gun in response to command auditory hallucinations. His mother called 911 when she discovered two BBs lodged in his forehead. He had been released after a two-week stay, but continued to experience command auditory hallucinations to kill himself. His mother again called 911 when he expressed his urges to attempt suicide again. Physical examination revealed the presence of one BB in his forehead, as well as nystagmus and hypopigmentation over his entire body. Social history revealed no smoking or alcohol usage, but a urine test was positive for cannabis. An inquiry into family history was made, and it was noted that the patient has a paternal female cousin with albinism (with no current signs of schizophrenia) and maternal grandmother with schizophrenia. As for his immediate family, there were no other cases of either schizophrenia or albinism among his biological parents or three siblings. According to his mother, he had previously lived a rather normal life (although more on the withdrawn side) and schizophrenic symptoms had only developed a few years prior, when he was around 22 years old.
The patient was started on risperidone, which was uptitrated to 6 mg daily, and escitalopram at 10 mg daily for ongoing depressed mood. This medication combination lessened the intensity of auditory hallucinations significantly, but he remained very depressed and isolative on the inpatient psychiatric ward, and continued to express thoughts of hopelessness. Lithium augmentation was started, and lithium was uptitrated to 900 mg daily. With the addition of lithium, the patient's neurovegetative symptoms of depression and his sense of hopelessness lessened. He ceased to have thoughts of suicide, and began to interact with treatment staff, as well as psychotherapeutic rehabilitation activities offered on the ward. He also allowed treatment team to consult with ENT (ear, nose, and throat) services to have the BB removed from his forehead. He agreed to engage with intensive wrap-around mental health services, along with ongoing psychosocial rehabilitative treatment offered as part of outpatient mental health treatment. He returned home with his mother after his positive, cognitive, and negative symptoms of schizophrenia lessened to a degree that he no longer expressed any hopelessness or wishes to die.
Discussion
As the cause for schizophrenia is still not entirely known, researchers over the years have searched far and low attempting to piece together the basis for schizophrenia. A prior hypothesis by Greiner and Nicholson proposed that schizophrenia could be caused by a defect in melatonin metabolism which, as a result, would lead to hypermelanosis and the production of hallucinogenic agent [3] . This proposal implies that albinos would be protected from schizophrenia, as albinos have little to no melanin; however, it is now known that albinism and schizophrenia can occur together, with several identified case reports [4] [5] [6] . What is not known is whether this occurrence is due to chance, or whether there may be a clinically significant relationship and genetic linkage at hand-several researchers have speculated whether this could be the case after searching for and successfully finding schizophrenic albinos in response to the schizophrenia-melanosis hypothesis [7, 8] . A previous pedigree study by Baron found that across two generations of a family, five members were albino and all five displayed symptoms of schizophrenia, leading Baron to believe that this showed very plausible indication of linkage [7] . There was another case report where two out of three siblings in a family had both schizophrenia and albinism, again raising the question of familial association and genetic linkage [8] . Our particular patient had a cousin who also had albinism. If our patient's cousin were to develop schizophrenic symptoms in the future, having another familial association that pointed at potential linkage could be significant, as it would be hard to contribute such occurrence within a family to chance when these two traits almost never occur together.
As genetics is now thought to be the main cause of schizophrenia, recent studies have focused on searching for the exact genes that lead to schizophrenia. There appear to be multiple genetic mutations across several genes that may play a role in the development of schizophrenia. More recent studies have found copy number variants in multiple genes being a factor in the development of schizophrenia, with mutations on chromosome 15 recently reported as being a schizophrenia risk factor [9] . Genes in the chromosome 11 breakpoint region were also previously examined, and upon further investigation, four candidate genes were identified as promising based on probable functional role and breakpoint proximity-one of these four genes was tyrosinase [10] . Another study also found tyrosinase to be a possible candidate for a predisposition to schizophrenia, since it could be involved in catecholamine metabolism [11] . As the classic form of OCA is caused by the lack of tyrosinase activity in the melanosome, it appears that there may be reason to suspect genetic linkage between schizophrenia and albinism [1, 10] . Based on the current state of schizophrenia genetic research, as well as the established genetic causation of albinism, this question is certainly raised by our case report. As another point to consider, if schizophrenia and albinism were not genetically linked, there should be around 165 cases of schizophrenic albinos in the United States; if much more than 165 schizophrenic albinos have been identified, this could be additional indication of genetic linkage.
Previous studies have shown that albinos already rank lower in psychological health [12, 13] . It is therefore important that physicians who treat albino patients should consider the potential mental health issues that may also be affecting their patients, especially if future studies show that there is indeed a link between albinism and a potential cause of schizophrenia.
Conclusions
Based on our case report and previous case reports in the literature we have reviewed, we can reject the schizophrenia-melatonin hypothesis, as it has been shown on multiple occasions that albinos can be schizophrenic. While we cannot yet be certain if there is a genetic linkage between the two traits, it is important to keep in mind that schizophrenia is multifactorial and even if a relationship is found, it likely would only explain a small number of cases and only a certain subtype of schizophrenia. However, it is still good to be aware of all the genetic issues that can contribute to cognitive issues even if they may be uncommon.
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